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fASBAat OF A 1/X?OMOYIT8 


,Tt9 inflov of o«rbon oonoxida 9x^1 aulfur dioxide in & tunnel after the 
pMMgt of a loooBotiTe cen hare toxic effecte on engine, train, and Bnlntenanoe 
paraoBMl. 

Qur oonteat of tunnel gaaee depends on a great oany faotoza: type and 
ffwality of fuel, holler preaaure, the train's speed, length and shape of tho 
tnanal, fra^uenoy of train passage, aeteorological conditions, etc. 

Detailed study of the quantity and oonpoaition of gases giren off hy looo- 
■otlTee in roundhouses ehovs that as much as 2,000 hilograas of gas oaa he giTsn 
off la an hour. With a gas tenperature of 150-170 degrees, the carbon nonozlde 
eontent uaa 0.^-1.^ percent, that of sulfur dioxide 0.2 percent, and of carbon 
dloMlde ^-10 percent. On the road, the quantity and the oo^poeltlun of the gasee 
oaa oheage oonalderably . In particular, the quantity of carbon aonozlde can 
triple. 

In tumielB, gaeee giren off by the looonutlTe vith a^r currents end the 
eoncentration dialnishee. Ihe faeter the train speed, the less the danger of 
toxic conesKtratlon. When the train is at a etandstlll, the danger of taxie 
oonosatratlca rises sharply due to deorease or absence uf air noTeacnt. 

Detailed investigations of tunnel air vere oaxrled out by Qrodxovskly, 
D'yticov, Tarishehev, Phpov, Dsaidovich, and others. Dnder various conditions 
It vas diseovered ttet these was a carbon nonoxida content of 0.02-0-^! percent 
(0.23*0.70 ■iUigrsB per liter) In the looonotlve cab; In the tunnel around the 
loocaotive, trm O-O.O5 percent (0-0.6^- nlUigran per liter). BullMor dioxide 
la the oeb vae frca 0-0.033 (0-Q|91nllligraa per Uter): In the tunnel around 
the loocaotlve, from 0-O.C^5 (0-l.k5 allllgren per liter). 

The aore dangerous conditions prevail vhen the locoaotive sklde, firing Is 
improper, the train is standing still, or the natural ventilation of the tunnel 
ie poor. 
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The ActiQn of a vrais. eritariaij a la ilk© that of a pistohi It 

pUBhee out stale sooke Ami gas ami dravs In iVegh air In its vake. The faster 
the train speed the better the Tentllation. lacr eases of train speed In railroad 
transportation is a nov factor in Improving tunnel ventilation, 

Slmultanooua sec^uresent of gases and deteznlnatlon of smoke conoentretion 
vere oorrli^ out at five points in a S^OOO-aeter-losag single -tracked graded tunnel, 
Tsaverature readisgs; humidltj, and speed of air mdreoaent yere taken and eenplea 
Qolieeted for analysis of carbon monoxide oni sulfur dioxide eonteint. As soon as 
the train lefx the tunnel, teeus vere )s»ade of the air in the breathing sone 
{l «5 Aeters fkoai the ground); in 10 minutes the teats were repeated. The same 
proosd^e vas folXoved for smoke concentration, l^e foUoving conclusions vere 
rsMhei regarding the latter teste: (l) vith a very heavy smoke concentration, 
the li{^t a f iashli oould not be seen at a distance of one meter, (s) vith 

a ht^yy <K>hs^ light from the closest electric lights vould be distinj- 

gvdshed, (3) vith a moderate concentration, light fk^oa a seriee of electric lamps 
in the section could be distinguished, (h) vith a veal concentration, the entrance 
00^ he seen, and (5) vith euo absence of smoke, the vhole section was quite 
tislble* 

She natural movement of air in the tunnel in the absence of a train did not 
exceed P*^^^iers per second and only in IsolAtod instances reached 2 meters per 
seocart. There 80-95 perce^ with an outside temperature and 

humidity (Ootober) of 11-20 degrees centigrade and 52^65 percent respectively. 
Spending on the speed of the train and the direction and epefd of natural move’- 
msnt of air In the ttomel; sa^e vas In evidence over 0,3*"0.7 of the tunnel's 
length. 

Tests vers made to determine the speed of air movement In the tunnel in 
front of behind the train, aps betveen the train and the tunnel vail. 

Distribution of gas concentrations did not alvaye correspond to the degree 
of cmoke ooaoentration. The gases mix vith air and ore of absorbed by the 
■oale on the tunnel vails , and later released • 

The oarbon monoxide teste vere made by the Beberg -Vinokurov method • 

Teodecey for gases to accumulate near the exit of the tunnel vsa noted; 

■noh depends on meteorological conditions and frequency of train lAssage, The 
Question of laviMUia permissible concentration le Important since It determines 
vhtti maintenance men and inspectors nay be present vlthout danger. 

The problem of sulfur dioxide vill be token up first since « is the 
simpler one. The eulfux content of coal varies frem 0,7''7 percent. In 
eoal from the Donets region, it constitutes 1,2-5 percent. In Anxherosudshenskly 
ooal 0,h percent, end In Xitelprakly coal 6 percent, 

Aecordlsg to 3oTlet legldlatloa (OST 90014-59) > the maximum permissible 
ecnoentratlon of sulfur dioxide is 0,02 mllllgraa per liter, and only vhen 
neterlala oontsJnliig sulfhr. are being burned smy the concentration be increased 
to 0,04 milUgrem per liter. The maximum pexmisslble oonoentratlon in tuxmals 
during passage of a train should be set at 0 ,04 milligram per liter • The coooen- 
tratlon oan also be reduced by proper oupervislcT. of the combustion process and 
by utilisation of ltnr-8u3fhr-cont»iat ooal«. 

The concentration of oarbon monoxide is usually the decisive factor In 
tuancl poisonings. The quantity of carbonxyhemoglobln vhlch foims Vhen oarbon 
monoxide is Inhaled depends on the partial pressure of the oxygen and the 
Cskbon in the inhaled air; in addition, the duration of the gas's effect, the 
physical factors, the meteoi*ologlcal factor, 6aid the Individual characteristics 
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of tlioB6 working In the tunnel -- all play an important r6lo» 

In gOLTages, the perttiesl^lo contest of carton monoxide in rooms wUere 
workerfl spend the whole working day Is O.Q? mllllgrani n«r llterj in rooi^e where 
the -worker*' stays only for I5 minutes the ocntent may reach 0*2 ailligrem per liter 

{oar 9ooilt-39) « 

Hhe establlBhnent by Merioan researchers of the pemisslhle concentra- 
tion of carbon monoxide in -a tnnael at O.29-O.57 ailllgraa per liter cannot he 
depended u^n* Aooording to ohserTations of Soviet authors (Letawet, Etoelyanskiy, 
Kosourov « and others)^ prolonged exposure to such concentration under working 
conditions can cause not only chronic acute poisoning* 

^er® ere various methode for artificial ventilations the Sakk8i*do system, 
used in the ^lut Gottard and other tuxme:u^ the screen system, used in the 
Hpffat iiiumeXj the shaft system, used in a Swiss tunnel etnd in the Me scow sub- 
way syst^j and the channel^shaft system, used in the Holland tunnel. 

A oomprahQsisive survey of conditions will indicate the systaa to be selected. 

To protect crew end passengersy insulation loco^tlves and cars is suggest- 
ed (ti^t -fitting windows , doors , walls ) , 

Gas-flit'®rlae apparatus shou .^4 he provided for majatenance personnel. 

Selection of the type of fuel, training of personnel, observation of rules 
for tnmel passage, and prohibition of trains ov)r a maximum permissible weight 
will help to achieve a decrease In inflow of toxio gases* Installation of stronger 
typ® rails and spik®B and limiting of malntensnoe work to periods when trains 
art not passing will protect maintenanoe workers. 

The basic conditions for aecuring safe working conditions for train crews 
during tunnel passage ares 

Use enuy epeblal types of coal on tunnel sections of ts^ack* 

S* Utilitatlon of special types of coal must be assiired by laboratory 
control* The engineer will be responsible for receipt and utilitatlon of 
coal of the proper cvallty. 

3« locdlsotive section must work out rules for stoking boiler and train 
handling during tunnel passage. 

b. Gabs most be sturdily built and have tightly closing doors and windows. 

^* All Idooactlves must be provided with reserve receptacles to scoop up 
sir before the engine enters the tunne:}. SVesh air will bo tunneled by a apecial 
network to the engineer's cab while the train is in the tmmel. 

6* The oarbea monoxide content should not exceed 0.2 mllligraa per liter 
In th9 Xooomotlve cab for any 1^-ninute period. 

7* If a train Is obliged to stop in a tunnel, engine and train crews will 
utilise sntlgss appaj-atus with which they must be provided. 

8. Vhen the train passes through a tunneX, maintenance workers must stand 
In the niches provided for that purpose ax^ resume work only after that Integral 
of time designated for •the tunnel in question* 

9 * Tunnel ventilation should be so planned that 10-1^ minutes after the 
train has passed, the conoentration of carbon monoxide will reach 0*12 mlUigran 
per liter and after a half hour 0.03 mlUlgram per liter* . 
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